SUMMARY In a prospective one year study, comprising children with acute gastroenteritis admitted to hospital or treated as outpatients, the clinical and laboratory features of rotavirus diarrhoea (168 cases) were compared with those of enteric adenovirus (32 cases), bacterial (42), mixed (16), and non-specific (135) infections. The rotavirus disease was remarkably consistent, with a sudden onset of vomiting, a high frequency of fever and dehydration, and a mean duration of diarrhoea of 5-9 days. Outpatients excreting rotavirus had a similar but milder illness, mainly on account of less pronounced vomiting. The predominant symptom of enteric adenoviruses was long lasting diarrhoea (mean 10-8 days). Abdominal pain, bloody stools, prolonged diarrhoea (mean 14*1 days), leucocytosis, and a raised erythrocyte sedimentation rate strongly suggested a bacterial aetiology. Mixed infections caused longer lasting diarrhoea (mean 8-0 days) than rotavirus alone, but the severity of the illness was not increased. The clinical features of infection with unidentified pathogens most resembled those of bacterial infections. Respiratory symptoms were not significantly associated with any particular pathogen. Hypernatraemia and complications were uncommon.
Infectious gastroenteritis is an important cause of childhood morbidity. During the last decade major advances in laboratory techniques have made it possible to identify several new enteropathogens. Specific micro-organisms can now be identified in 60-80% of children admitted to hospital with gastroenteritis, 2and rotavirus has emerged as the single most important agent in paediatric diarrhoea throughout the world. Previous clinical studies of acute gastroenteritis have focused on a search for features that distinguish rotavirus from non-rotavirus infections and have led to somewhat divergent results.36 The discrepancies may to some extent be due to the composition of the non-rotavirus group, which has included varying pathogens such as other viruses, bacteria, and/or unidentified agents. Furthermore, the association of respiratory symptoms with rotavirus diarrhoea has been a matter of controversy.3 5 6 A recent report from England outlined in detail the clinical features associated with rotavirus in comparison with well defined groups of pathogens.2
Although the authors found some significant differences between the groups, they concluded that there were few clinical characteristics associated with any particular pathogen. All the above mentioned studies have concerned gastroenteritis in children admitted to hospital. During a recent one year survey we thoroughly investigated the aetiology and epidemiology of acute gastroenteritis in 416 children, 144 of whom had been admitted to hospital and 272 of whom had not.7 A putative aetiological agent was detected in 77% and 63% of the patients, respectively, and rotavirus and enteric adenoviruses were the most common enteropathogens. The purpose of this paper is to describe the clinical picture of gastroenteritis in inpatients and outpatients and to compare the symptoms and signs of rotavirus infections with those of enteric adenovirus, bacterial, mixed, and non-specific infections.
Materials and methods
Virtually all children below 15 years of age with acute gastroenteritis who attended the Department Clinical features of acute gastroenteritis associated with rotavirus, enteric adenoviruses, and bacteria 733 of Paediatrics of the University Hospital of Uppsala during a complete year (1981) were entered into a prospective study. Informed consent was obtained from the parents of each child. A total of 432 patients met the criteria for a diagnosis of acute gastroenteritis-that is, three or more loose stools for at least one day and for no longer than 14 days and/or vomiting and fever. Sixteen patients were excluded as stool specimens were not available. According to the severity of the illness 144 patients were admitted to hospital and 272 remained outpatients. The latter group included 56 patients with gastroenteritis for whom the clinic was consulted by telephone only.
Two hundred children matched for age (93 inpatients and 107 outpatients) with non-diarrhoeal illness admitted over the same period served as a control group. Most of these children had a respiratory infection (68%). Other diagnoses among the controls included bronchial asthma, meningitis, urinary infections, and malignant diseases.
On admission the parents were asked in detail about clinical symptoms before the hospital was contacted, such as the appearance and frequency of stools and the occurrence of vomiting, fever, abdominal pain, and concomitant respiratory symptoms. All children were interviewed, examined, and treated by the same physician (IU). Abdominal pain in the very young children was assessed by clinical appearance. Dehydration was graded as mild, moderate, or severe.8 During the stay in hospital additional clinical findings, parenteral rehydration therapy, and treatment with antibiotics were recorded. Two to four weeks after the first contact the parents were interviewed again and patients who had had severe symptoms or complications were reexamined.
Management of gastroenteritis consisted of a standard regimen of an initial period of treatment with oral or parenteral rehydration solutions followed by regrading on to a normal diet over four or five days, unless complications occurred.
Faecal samples from patients and controls were studied for viral, bacterial, and parasitic pathogens as previously described in detail. 7 The following enteropathogenic bacteria were searched for: Salmonella species, Shigella species, Yersinia enterocolitica, Campylobacter jejuni, enteropathogenic Escherichia coli, and enterotoxigenic (heat labile) E. coli. The samples were examined microscopically for ova, cysts, and parasites.
All stool specimens were studied for viruses by electron microscopy, for rotavirus by solid phase immune electron microscopy, and for rotavirus and adenovir-us by genus specific enzyme linked immunosorbent assays (ELISA). 
Results
A total of 416 children (228 boys and 188 girls) with gastroenteritis aged 3 weeks to 13 years were studied. The mean and median ages of the study group were 24-9 and 15 months, respectively. Most of the children were not referred cases. The reason why the parents brought their child to hospital was failure in oral rehydration, persistent and severe symptoms, or that the child was in a poor general condition. In 144 patients the illness was sufficiently severe to necessitate admission to hospital, whereas 216 children were treated on an ambulatory basis. In 56 cases the parents only consulted the paediatric clinic by telephone, and these parents were also interviewed and given detailed advice.
The three groups of patients with gastroenteritis did not differ significantly from each other in age or sex. A comparison of the clinical characteristics of inpatients and outpatients showed that the frequencies of fever, abdominal pain, and respiratory symptoms were similar in the two groups, whereas vomiting was more common and more pronounced in the inpatients (inpatients v outpatients 81% v 63%, p<0-001). The group admitted to hospital suffered more severe illness, and dehydration was found in 69% of these patients as compared with 26% of the outpatients (p<0-001). The mean total duration of illness in the inpatients, outpatients, and 'telephone' patients, however, did not differ significantly (7-4, 8-7, and 6-8 days, respectively). (Figure) . Of the patients in groups 1 to 3 and 5, 10% were aged over 5 years. In the statistical analysis the rotavirus group was compared with each of the groups of patients with other enteropathogens in the same manner as Ellis et al. 2 The rotavirus group was the largest and consisted of 168 children, of whom 65 were admitted to hospital and 103 were treated as outpatients. Of these 103 outpatients, 26 were 'telephone' patients. The clinical picture of rotavirus gastroenteritis was characterised by a high frequency of vomiting and fever and a low frequency of abdominal pain ( Tables 3-5 . The patients with enteric adenoviruses had a lower rate of fever and less pronounced vomiting and fever than those with rotavirus (Table  3) . Abdominal pain and bloody stools were highly significantly increased in children with pathogenic bacteria. The group with mixed bacterial and viral pathogens comprised comparatively few patients, but this group and the rotavirus group exhibited almost identical clinical patterns. Enteropathogenic E. coli in combination with rotavirus was the most, common mixed infection and about 90% of the patients with paired serum specimens developed a significant seroresponse to rotavirus. The group with non-specific gastroenteritis had symptoms similar to those of the bacterial group, although the disease was milder and only 24% of these patients required admission to hospital. There were no tExcluding 'telephone' patients, who were not medically examined.
significant differences in the occurrence of respiratory symptoms between the groups. Interestingly, the lowest percentage (19%) was found in patients with enteric adenoviruses and the highest (79%) in children with established adenoviruses (p<0-001).9
Patients with rotavirus gastroenteritis sought medical advice earlier in the course of the disease (mean 2-9 days) than those with other infections (Table 4) . Vomiting was the first symptom in 19%, 7%, 31%, and 17% of the children in groups 2-5, respectively. These figures differed significantly from the 55% recorded in the rotavirus group (p<0-001). The mean duration of diarrhoea was shortest in the group with rotavirus (5.9 days) and longest in the group with bacteria (14-1 days). In particular, children with Y. enterocolitica had prolonged diarrhoea for up to six weeks. There were no significant differences between the groups in the duration of fever and vomiting except for children with bacterial pathogens, in whom fever lasted longer and vomiting was less prolonged. The hospital stay was short in all the groups.
Patients with rotavirus and those with bacteria were more often regarded as moderately or severely ill than those with other pathogens (Table 5 ). Moderate to severe dehydration occurred in 8% of all patients, with no relation to age, and it was mostly isotonic. Out of 166 tested patients, four had hypernatraemia (sodium > 150 mmol/l), two of whom were aged under 12 months, and one had hyponatraemia (sodium 128 mmol/l). The associated pathogens were rotavirus in four patients and adenovirus in one. Acidosis (base excess <-10.0 mmol/1) was diagnosed in nine of 23 tested patients, of whom eight had a rotavirus infection and one had non-specific gastroenteritis. A significant rise was found for erythrocyte sedimentation rate in group 3 and for white blood count in groups 2, 3, and 5 (Table 5 ).
One third of the patients admitted to hospital required intravenous fluid therapy because of dehydration or severe symptoms. The use of intravenous fluids did not differ significantly between the groups and was not related to age. Antibiotics were prescribed for six patients with bacterial gastroenteritis: two with Salmonella species, two with Shigella sonnei, and two with Y. enterocolitica. In addition, 61 patients with gastroenteritis received antibiotics because of tonsillitis and acute otitis media and four because of urinary tract infection.
There were no fatal outcomes during the study and complications occurred in few patients. Thirty five children (8%) had prolonged diarrhoea for more than 14 days. Temporary secondary lactose intolerance was found in 15 patients, four of whom had enteric adenoviruses. In addition, one child with enteric adenovirus did not tolerate gluten containing products for nine months after the onset of diarrhoea. Urinary tract infections, confirmed by positive culture, were found in four patients. A lumbar puncture was performed in 10 children on suspicion of meningitis, but all spinal fluid specimens were normal. No child had convulsions.
One 28 month old boy had renal symptoms with haematuria and slight proteinuria in association with a Y. enterocolitica type 03 infection, which was verified by culture and a significant seroresponse. He excreted the bacteria for 46 days and had diarrhoea and cramping abdominal pain at intervals for three months and microhaematuria for four months. Another 18 month old boy had reactive anaemia (haemoglobin 5.9 g/dl) in connection with a yersinia infection. He had had no previous disposing disease and on treatment with blood transfusions and co-trimoxazole he made a complete recovery. Intussusception occurred in association with Y. enterocolitica in one patient and non-specific gastroenteritis in another patient.
Clinical features of acute gastroenteritis associated with rotavirus, enteric adenoviruses, and bacteria 737 Discussion This study has shown that the clinical pictures of gastroenteritis with rotavirus, enteric adenoviruses, and. pathogenic bacteria each exhibit features that enable a presumptive diagnosis to be made. In addition, the pathogens display seasonal characteristics, such as the winter peaks of rotavirus and the autumnal occurrence of bacteria,7 which can further support a specific diagnosis. We consider that the reliability of our findings is strengthened by the fact that all the children were interviewed, examined, treated, and followed up by the same clinician.
Rotavirus has been recognised as the most important diarrhoeal agent in children admitted to hospital,l5 6 whereas its role in children not admitted to hospital has not been completely elucidated. In the present study rotavirus was found to be the most commonly identified agent in both inpatients (45%) and outpatients (38%). The disease in ambulatory patients was milder, mainly on account of less pronounced vomiting, but apart from this the clinical picture, with the sudden onset of vomiting, the high frequency of fever and dehydration, and the low occurrence of abdominal pain and bloody stools, was strikingly similar in both groups of patients. The severity of the illness varied but was not related to age or sex. Rotavirus diarrhoea lasted for a median of five days irrespective of whether the patients were treated in hospital or as outpatients. This remarkable consistency in the constellation of clinical symptoms and in the course of the illness enabled us to identify a typical 'rotavirus syndrome'. In contrast to Lewis et al,5 we did not find that this syndrome was significantly associated with respiratory. symptoms.
In spite of the use of electron microscopy, solid phase immune electron microscopy, and ELISA, we only detected rotavirus particles in one of the 200 control children. In addition, three control children developed significant seroresponses to rotavirus. In several studies throughout the world similar low percentages of rotavirus carriers among controls have been reported.' 2 4 The occurrence of abdominal pain, macroscopic blood in the stools, prolonged diarrhoeal symptoms, a raised erythrocyte sedimentation rate, and leucocytosis was strongly suggestive of a bacterial diagnosis. In contrast to rotavirus, the initial symptom in a high proportion (81%) of the children with bacterial infection was diarrhoea. Vomiting was uncommon and when it did occur it was of low intensity and of short duration. The presence of mucus in the stools was not typically associated with bacterial infection but occurred in similar frequencies in all groups of patients, in accordance with other reports.3 4 6 The only clinical difference between children simultaneously infected with virus and bacteria compared with those infected with rotavirus alone was a prolongation of the diarrhoeal symptoms. Ellis et al observed an even longer duration of diarrhoea in association with mixed infections,2 and this discrepancy may be related to the types of bacterial and viral strains involved. The most common combination of dual pathogens in the present study was 
